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The United States Forest Service is concerned with 
the problem of securing a suitable and practical means of 
determining the physical fitness of Forest Service personnel, 
Also, during periods of fire emergencies, the Forest Service 
has been forced to employ casual personnel without a means 
of discriminating between the fit and the unfit. Because of 
the lack of practical guidelines of fitness, low work pro­
duction has probably resulted due to individuals not being 
able to meet the physical demands that the work tasks 
require. With the absence of a fitness screening device, 
it is possible that individuals with limited physical capac­
ity would be thrust into situations where the ability to 
continue could well mean life or death to themselves or 
other individuals.
When work such as Forest Service duties and fire 
fighting is of a prolonged nature, fitness has a definite 
meaning. Some physiologists, Astrand (4), Wyndham (24), 
Passmore (16), and Taylor (22) indicate that fitness for 
enduring physical work is related to the maximal capacity 
of the cardiovascular and respiratory systems to take in, 
transport and give off oxygen to the active tissue and to
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utilize the oxygen in energy metabolism. Those better able 
to supply the oxygen for energy metabolism needed for re­
peated muscle contractions will enjoy greater success at a 
given work task. Brouha (6) suggests that fitness is the 
general ability of the body, in particular the cardio­
vascular system, to adapt itself to hard work and recover 
from what it has done.
When a worker undertakes a steady rate of activity 
for a long period of time, the course of oxygen consumption 
is characterized by an increase of oxygen consumption for 
approximately five minutes which is followed by a constant 
rate of consumption. The last phase is referred to as the 
"steady state" (20), Some of the functions which contribute 
to the "steady state" are pulmonary diffusion, oxygen and 
carbon dioxide transport by the blood, cardiac function, 
vascular adaptation, and the condition of the muscle groups 
involved. Therefore, in keeping with the definition of 
fitness, maximal oxygen consumption provides more information 
concerning fitness for prolonged work than any other single 
measure. With this in mind, the maximal oxygen consumption 
is an acceptable criterion of how well the physiological 
functions can adapt to the increased metabolic needs of work. 
This is of great importance in evaluating work performance.
Other authorities in the area of work capacity have 
indicated a relationship between maximum oxygen intake and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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work production. For example, Hansson (12) found that the 
high production rate of the hest men on a logging crew was 
due mainly to their greater maximum oxygen intake. The 
amount of energy expended per unit of work was also less 
for the best men.
Several methods of determining the actual maximum 
oxygen intake have been tested and proved acceptable. The 
most notable are the Taylor, Buskirk and Henschel (22) test 
on the treadmill and Astrand’s (5) bicycle ergometer test. 
However, these methods of testing require a maximum or 
exhaustive effort on the part of the subject for valid 
results. The strenuous activity of a maximum effort test 
would not be practical for the fitness evaluation of Forest 
Service personnel and potential fire fighters due to the 
wide range of ages and the questionable health status of 
some. The maximum effort test would also not be practical 
in terms of the time and equipment necessary to conduct 
such a test.
In 1953, I. Ryhming (18) indicated that a sub-maximal 
step test could be used in evaluating fitness. Using this 
same test in 1954, Astrand and Ryhming (5) developed an 
approach to the prediction of maximum oxygen intake by 
utilizing the relationship of exercise heart rate and work­
load or body weight under controlled conditions. A nomogram 
(Appendix K) based on measured heart rate and workload or
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
body weight was developed. The nomogram can be used to 
predict the maximum oxygen intake from a sub-maximal step 
test without subjecting individuals to severe physical 
strain. It has been tried by a number of researchers,
Allen (1), Astrand and Ryhming (5), Hettinger (15), deVries 
and Elaf8 (11), who reported significant correlations of 
predicted maximum oxygen intake by the nomogram method and 
actual maximum oxygen intake.
From the Astrand-Ryhming nomogram, a Fitness Calcu­
lator (Appendix J) was proposed by the combined efforts of 
the Department of Health and Physical Education, University 
of Montana, and the Forest Service Equipment Development 
Branch, Missoula, Montana. The Fitness Calculator might be 
a means by which a quick and reliable evaluation of fitness 
can be made in the minimum amount of time with the minimum 
amount of equipment. During the process of collecting data, 
analyzing results and developing the Fitness Calculator, 
certain intangible compromises were made to meet special 
requirements. This is taken into consideration by Harris
(14) in his statement concerning the purpose and the goals 
of the Missoula Equipment Development Center:
Frequently, the requirements are inaccurate 
and contradictory. Hence, every design is a 
compromise. There never is a single answer, 
but somewhere in the complex, there is an 
optimum solution.
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At the present time the Fitness Calculator has had 
limited application in field studies which test its 
reliability and practicality.
II. THE PROBLEM
Statement of the Problem
The purpose of this study was to investigate the 
reliability of the Fitness Calculator scores, as they 
relate to predicted maximum oxygen intake values obtained 
from the Astrand-Ryhming nomogram, in determining the 
prolonged physical working capacity of men. The relation­
ship of the Fitness Calculator scores to selected work 
performance estimates was also analyzed as a sub-problem 
of this study.
Significance of the Study
1. This study utilized research on maximum oxygen 
intake and applied it to work performance outside 
the areas of physical education and athletics.
2. This study compared the results of the Fitness 
Calculator with the evaluation of selected items 
of work performed by the subjects.
3. The results of this study could apply to other 
industries requiring physical effort on the part 
of their workers.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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4. The results might also provide an individual with 
a simple evaluation tool for personal fitness 
evaluation.
Definitions of Terms
Fitness Calculator. A slide rule device utilizing 
data adapted from the Astrand-Ryhming nomogram and a regres­
sion equation developed to predict the exercise heart rate. 
(Appendix J).
Physical Working Capacity. The maximum work inten­
sity that is consistent with a steady state and within 
optimal cardiovascular and respiratory function limitations. 
Approximately 50 per cent of human work capacity is the 
amount which can be undertaken successfully for a full work 
day (16).
Sub-Maximal Step-Test. A modified Harvard Step-Test, 
whereby, the height of the bench is 40 centimeters and the 
rate of stepping up and down is 22.5 steps per minute (17).
Forest Service Personnel. Any individual 18 years of 
age or older employed part or full time by the United States 
Forest Service, Region I.
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steady State. Almost any type of sub-maximal work 
employing large muscle masses results in an oxve-en debt 
during the first few minutes of performance. A "steady 
state" is achieved when the circulation increases to the 
point at which the oxygen requirement of the work is met 
by the oxygen delivered to the working muscle (20).
Sum Forest Service Ratings. The score obtained by 
combining the Forest Service fire fighting score and the 
Forest Service physical fitness score.
Limitations of the Study
In applying the results of this study, the following 
limitations were taken into consideration:
1. Since the problem had to be investigated almost 
in its entirety during the summer months, the 
number of subjects was limited due to time and 
the demands of Forest Service duties plus the 
added responsibility of a serious fire season.
2. Conditions an hour before the test were difficult
to control in order to produce complete standard­
ization of procedures.
3. During the performance of selected work tasks,
the degree of motivation experienced by each
subject could not be determined.
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CHAPTER II 
REVIEW OF THE RELATED LITERATURE
I. GENERAL INFLUENCES
Studies have shown that oxygen consumption is related 
to work performance. This relationship has formed the 
rationale for accepting maximal oxygen consumption as a 
measure of work capacity (15). In his study to determine 
which factors may be of significance in regard to work 
output, Hans8on (12) compared 25 "high production" workers 
and 25 "average production" workers. The factors tested and 
compared were strength, lifting, height, weight, health, 
quality of work, pulse rate, and aerobic capacity. No sig­
nificant difference in any of the factors was found except 
in aerobic capacity. The "high production" men had a higher 
oxygen intake capacity than the "average production" men. 
They also had lower pulse rates and better mechanical 
efficiency.
In 1958 Irma Astrand (3) tested 8l subjects ranging 
from ages 50-64 for physical work capacity. The workloads 
were increments of pedaling resistance on a bicycle ergo­
meter. The results of these tests indicated a linear 
relationship between maximum oxygen intake and physical work 
capacity. An interesting by-product of this study occurred 
when the results were compared to those taken from a young
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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group of athletes. The comparison indicated that maximum 
oxygen intake decreased as age increased. The study con­
cluded that physical work capacity can not he estimated 
from sub-maximal loads. Since then, Irma Astrand (4), I960, 
has developed an age correction factor which allows estima­
tion of work capacity from sub-maximal work for various age 
groups.
Anderson (2) compared the working capacity of 25 
trained men (skiers) to 38 men occupying sedentary jobs 
(office workers). Both groups were within a 50-66 year age 
range. Maximum oxygen intake was measured at the "steady 
state" while performing on a bicycle ergometer. Respiratory 
measurements were taken via the open circuit system and heart 
rate was measured from an electrocardiogram. The results 
indicated that the trained men had a maximum oxygen intake 
of 48 + 0,33 ml/kg/min. whereas the sedentary types had a 
maximum oxygen intake of 36 + 1,00 ml/kg/min. Wyndham, 
jet , (24) investigated the effect of physical working 
capacity and mechanical efficiency on the level of perform­
ance. They used 28 skilled African miners doing routine 
daily piece work. The mean maximum oxygen uptake was
3.09 l/min. The average level of consumption was 1.43 l/min. 
It was concluded, much to their surprise, that neither of 
the two physiological factors examined were of any impor­
tance in determining a man's level of performance. They
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10
indicated that level of performance is probably determined 
by psychological factors. The authors noted that the sub­
jects used were highly fit with exceptional maximum oxygen 
capacities and that they were all working at a rate below 
fifty per cent of their maximum oxygen intake. Under the 
work conditions imposed by the study, skill and experience 
were of great importance. It should be emphasized that 
well trained and physically fit individuals working at 
about forty-five per cent of their maximum oxygen capacity 
can be more productive than less fit individuals performing 
at a greater percentage of their maximum oxygen capacity.
IIo BASIC ASSUMPTIONS
The determination of the maximal oxygen intake is 
both time consuming and intricate. When applied to older 
individuals, or the less fit, the procedure is too diffi­
cult to supply valid results. Irma Ryhming (18) developed 
a sub-maximal step test for estimating the physical working 
capacity and compared it with a more complicated bicycle 
test. The testing procedure is a modification of the 
Harvard step test. The pulse rate was counted during work. 
The bench was 40 centimeters in height with a rate of 22.5 
steps per minute. The average values for the step test and 
the bicycle test (900 kg/min) were: Oxygen intake per
minute 2,11 + 0.04 and 2.15 + 0.02 respectively.
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11
With this information and other investigations, a 
nomogram was developed (5) for the calculation of predicted 
maximum oxygen intake from a suh-maximal test. Teraslinna 
(23) attempted to establish a validity coefficient for the 
Astrand-Ryhming nomogram. Eleven subjects between the ages 
of 23 and 49 performed on the bicycle ergometer at increased 
loads until the heart rate was constant. Expired air was 
collected and analyzed. The correlation between actual 
maximum oxygen uptake and predicted maximum oxygen uptake 
was r = 0.69; corrected for age it was r = 0.92. Astrand 
had originally reported an uncorrected ”r” of 0.709. 
Teraslinna concluded that the nomogram by Astrand-Ryhming, 
corrected for age, is a satisfactory predictor of maximum 
oxygen intake. deVries and Klafs (11) explored this same 
relationship and found an "r” of 0.62 and 0.83 between two 
direct tests (bicycle ergometer, treadmill) and one indirect 
test (nomogram) of maximum oxygen intake. Hettinger, at aJL.,
(15) found that the correlation between estimated and 
actual maximum oxygen intake was statistically significant 
at the 0.01 level. He also pointed out that for his subjects 
(N=96, ages 23-62, moderately active) the Astrand-Ryhming 
nomogram predicted higher than actual measurements of 
maximal oxygen intake, probably due to the fact that the 
nomogram was based on trained subjects.
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There are some investigators, however, who have some 
reservations concerning the nomogram as a means of predict­
ing maximum oxygen intake. Rowell, Taylor and Wang (18) 
stated that the prediction of maximum oxygen intake has 
certain limits. The nomogram tends to underestimate endur­
ance athletes by 5.6 + 4.2^ and sedentary persons by 
27 + lio» Wyndham, et al., (26) using four subjects con­
cluded that the nomogram underestimated the actual maximal 
oxygen intake by 0.320 liters per minute. Astrand took 
exception to these findings, indicating that the testing 
was done at an altitude of 6,000 feet. However, Davis (10) 
in defense of Wyndham*s results derived similar results from 
his study of this relationship. Based on eighty subjects 
(ages 20-50) Davis stated that the Astrand-Ryhming nomogram 
produced a significant bias toward underestimating the 
maximum oxygen intake. During a heart rate of 120-150 
beats per minute the ninety-five per cent probability limits 
are such that the predicted value of maximum oxygen intake 
will be within + 1.22 liters per minute of observed values. 
Thus, for a predicted value of 3.5 liters per minute, the 
true value may be anywhere from 1.44 to 3,86 liters per 
minute. Davis conducted his study at a lower altitude 
(London).
Since most of the testing was done using either the 
bicycle ergometer or the treadmill, Sharkey (20) conducted
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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an experiment comparing scores predicted by the Astrand- 
Ryhming step test and scores obtained by a treadmill test 
of maximum oxygen intake as recommended by Taylor, Buskirk 
and Henschel (23). Analysis of results obtained from the 
twenty subjects indicated a significant correlation (r = .54) 
between the maximum oxygen test and the step test prediction 
scores based on the post-exercise heart rate. However, the 
step test underestimated tha actual maximum oxygen intake 
by three-fourthe of a liter per minute. This agrees with 
similar findings by Wyndham, at , mentioned earlier.
An explanation of the possible cause of the underestimation 
of maximum oxygen intake would alleviate some of the appre­
hension concerning usage of the nomogram. A portion of the 
mean difference could be explained by the difference in 
maximal oxygen intake measured on the treadmill versus that 
attained on the bicycle ergometer. Sharkey (20) has noted 
that the nomogram was developed using the bicycle ergometer 
test and that these values always underestimate the maximal 
oxygen intake values measured while running on the treadmill. 
Wyndham, ejt al., (26) state that there is a considerable and 
significant bias between the two values at the higher range 
of treadmill values. At a treadmill value of 2,5 liters 
per minute, the ergometer value is about the same, but at 
a treadmill value of 4.0, the bicycle ergometer value is 
only 3.2 liters per minute, a value significantly lower by
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0.8 liter per minute. Most of the subjects in the above 
studies were untrained; therefore a higher pulse rate during 
exercise can be expected. Higher pulse rates result in 
the prediction of lower maximum oxygen intake capacities.
The nomogram was developed on the basis of studies conducted 
on well-trained European athletes, who were in all likeli­
hood accustomed to muscular effort. These subjects did not 
experience local fatigue as readily as was observed in the 
American subjects.
To further pursue the limitations of the nomogram to 
predict a more accurate maximum oxygen intake, Wyndham,
et al., (27) stated that tests for the estimation of oxygen
intake are based on the following premises:
1. Heart rate and oxygen intake are basically a 
linear function of the rate of work.
2. Heart rate and oxygen intake reach asymptotic 
maximum values at a common, high level of work.
3. If one and two are correct, then heart rate is
a linear function of oxygen intake throughout 
the entire range of work rates up to the 
individual’s maximum.
4. The inter-individual variation of heart rate 
about the population means is sufficiently 
small for the population means heart rate to 
be used in the above procedure without 
introducing large error.
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Wyndham, , (27) called attention to Maritz, et al.,
as stating that premise one is correct but premise two is 
not. Maritz, et a2., further states the heart rate reaches 
its maximum value at slightly lower work rates than does 
oxygen intake. Since the nomogram uses the pulse rate as 
one of the factors in predicting maximum oxygen intake, 
the reason the nomogram underestimates may be obvious.
This then would indicate that premise three is not fulfilled 
since heart rate is not a linear function of oxygen intake 
throughout the range of work rate up to the individuals' 
maximum. Premise four is met since the coefficient of 
variation of the population is about five per cent.
Despite the well-researched limitations of the 
nomogram, evidence does seem to indicate that the nomogram 
qualifies as a simple screening test which can be used 
effectively and efficiently on a large number of people.
It should be remembered that this method of measuring 
maximal oxygen intake is only an aid for the prediction of 
aerobic work capacity.
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CHAPTER III 
PROCEDURE OP THE STUDY
The study was conducted in the following four phases:
Phase I . To correlate the ml/kg/min values of the 
nomogram with those of the Fitness Calculator.
Phase II. To test the reliability of the Fitness 
Calculator results by the test-retest method.
Phase III. To correlate the Fitness Calculator 
scores obtained from the smoke jumpers with the ratings 
each jumper received at the end of the fire fighting season.
Phase IV. To correlate the Fitness Calculator 
scores of a group of high school seniors with their perform­
ance of a 600 yard run-walk.
PHASE I. CALCULATOR RELATED TO THE NOMOGRAM
Ninety-six volunteer male subjects were used. Nine­
teen of them were students attending the 1967 summer school 
session at the University of Montana. The remaining 
seventy-seven subjects were employed by various departments 
within the Forest Service Region I area during the summer 
of 1965. They ranged from 18 to 49 years of age with a mean 
of 30.8. Their weight ranged from 130 to 230 pounds with 
a mean of 175-4 pounds. The physical characteristics of 
these subjects can be found in Appendix A.
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Testing Procedure
The subjects reported for testing between seven A.M. 
and twelve noon, wearing shirt, trousers and shoes. This 
was done to simulate practical field conditions. They were 
weighed and other personal information was obtained. The 
seventy-seven Forest Service subjects performed the stand­
ardized sub-maximal step test during the summer of 1965 as 
described on page 23. During the 5-minute rest period 
preceding the step test, a resting pulse rate was taken.
This was done by the tester placing the forefingers of one 
hand in the groove at the base of the thumb on the radial 
artery. In this study, all pulse rates that were not 
telemetrically recorded were measured in this manner. A 
15-second pulse rate was taken immediately after the 
5-minute step test was concluded. The post-exercise pulse 
rate was used to develop a regression equation to predict 
the exercise pulse rate. The predicted exercise pulse rate 
along with the subject's weight in kilograms were applied 
to the Astrand-Ryhming nomogram to produce a predicted 
maximum oxygen consumption value in milliliters of oxygen 
per kilogram, per minute. The same post-exercise pulse rate 
and the subject's weight in pounds were applied to the 
Fitness Calculator to produce a predicted maximum oxygen 
intake value in milliliters of oxygen per kilogram, per 
minute. The nomogram and the Fitness Calculator values 
were correlated.
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The remaining nineteen subjects performed the same 
standardized step test. During the 5-minute pre-test rest 
period, electrodes were affixed over the right and left 
fifth rib, slightly forward of the mid-axillary line.
During the step test, the heart rates were telemetered and 
recorded during the rest period for 15 seconds; after 4 
minutes and 15 seconds of exercise; and once again 15 
seconds after the 5-minute step test had been concluded.
The data from these nineteen subjects were treated in the 
same manner as that for the seventy-seven Forest Service 
workers. The collected data can be found in Appendix E.
PHASE II. CALCULATOR TEST-RETEST
The subjects for Phase II were twelve of the nine­
teen University of Montana summer school students mentioned 
in Phase I plus seven male employees of the Forest Service 
Equipment Development Center, Missoula, Montana. The 
subjects' ages ranged from 22 to 39 years with a mean of
28.9 years of age. Their weight ranged from 145 pounds to 
205 pounds with a mean of 176.6. The physical character­
istics of these subjects can be found in Appendix B,
Testing Procedure
The same step test procedures were followed in this 
phase of the study as described on page 23 with one excep­
tion. A telemetric recording of the exercise heart rates
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of the seven subjects from the Equipment Development Center 
was not taken. All subjects in this phase were tested, then 
retested within a period of one week. The post-exercise 
pulse rate and the subject's weight in pounds was applied to 
the Fitness Calculator to obtain a value in milliliters per 
pound per minute of predicted maximum oxygen. The results 
of test one were compared with the results of test two to 
evaluate the reliability of the step test in producing like 
results under similar conditions. The collected data can 
be found in Appendix P.
PHASE III. CALCULATOR RELATED TO THE 
FOREST SERVICES RATINGS
The subjects for this phase were 24 male smoke 
jumpers stationed at the Smoke Jumper Training Center, 
Missoula, Montana. They ranged in age from 20 to 29 years 
with a mean of 23.5 years of age. Their weight ranged from 
139 pounds to 219 pounds with a mean of 172.2 pounds. The 
physical characteristics of these subjects can be found in 
Appendix C.
Testing Procedures
All subjects reported to the basement area of the 
smoke jumper center wearing their regular working attire. 
Their weight, age and other personal information were 
recorded. A resting heart rate was taken during the
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5-minute rest period before the step test. Standard proce­
dures were followed in giving the step test as described on 
page 23. After the 5-minute step test the subjects were 
seated for 15 seconds, then a post-exercise pulse rate was 
taken for 15 seconds. The subject’s weight and his post­
exercise pulse rate were applied to the Fitness Calculator 
to obtain a fitness score. These scores were correlated 
with the fire fighting rating each subject received at the 
end of the fire fighting season. The collected data can 
be found in Appendix G.
PHASE IVo CALCULATOR RELATED TO THE 
600 YARD RUN-WALK
The subjects for this phase were 10 male students 
taken from a random sample of 40 male seniors attending 
West High School, Bremerton, Washington, They ranged from 
ages 17 to 19 with a mean of 18 years. Their weight ranged 
from 105 pounds to 203 pounds with a mean of 159.1 pounds. 
The physical characteristics of these subjects can be found 
in Appendix D.
Testing Procedures
The subjects reported to the testing room between 
eleven A.M. and twelve noon, wearing shirt, sweat pants or 
trousers, and shoes. Their age, weight and other personal 
information were recorded. During the 5-minute rest period
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before the step test, a resting pulse was taken. After the 
test the subject was seated for 15 seconds; then a post­
exercise pulse rate was taken using the radial artery. The
subject's weight in pounds and his post-exercise pulse rate
were used to obtain a fitness score with the Calculator.
Ten minutes after the step test, the subject performed a 
600 yard run-walk on a cement oval track. The 600 yard 
run-walk was selected as a work task because of its use in 
the AAHPER Fitness Test as a measurement of cardiorespiratory 
endurance. The Fitness Calculator scores and the 600 yard 
times in seconds were correlated. The collected data 
from these subjects can be found in Appendix H.
All subjects were orientated individually as to the
purpose of the test and the procedures which they would 
follow. In addition, the subjects in Phase II were also 
instructed concerning the physical behavior expected between 
test one and test two. Finally, the only motivation for 
taking the test was a simple verbal req.uest for their 
cooperation in making the study a success,
V. DESCRIPTION OF EQUIPMENT
Radio-Electrocardiograph
The various heart rate levels of the subjects in 
Phase II were determined by use of a Telemedics RKG- 100 
Radio-electrocardiograph system (7) consisting of the
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following pieces of equipment: disposable electrodes, a
battery operated transmitter, a portable radio receiver, and 
a recording instrument.
The Recording Instrument
The Burdick EK-2 Direct Recording Electrocardiograph 
received the EKG signal and recorded the heart rate on 
standard permagraph recording paper.
Metronome
A spring-operated metronome was used to set the 
cadence for stepping throughout the 5-minute work period.
It was set at 90 beats per minute or 22.5 steps per minute, 
each beat representing the time one foot should be con­
tacting the wooden step or floor in the stepping process. 
This rate was selected with the step height at 40 centi­
meters as a sub-maximal work effort. Throughout the testing 
session, the metronome was checked periodically to assure 
that the setting was at 90, and it was also rewound at least 
once each session to assure a steady cadence.
-f
Wooden Step
In determining the work -task that could be applied 
to the nomogram, Ryhming (19) found that a wooden step 40 
centimeters in height was best for the sub-maximal work 
effort desired for the male. The top dimensions of the 
step were 42 centimeters in width and 8l centimeters in
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length so it was not a difficult surface to reach or to 
retain balance. It was easily portable to and from the 
testing areas and quite manageable within the testing area, 
resting firmly in place once positioned.
Conditions for Conducting the Step Test
The step test used was the Astrand-Ryhming Step Test, 
which required the subject to step up on to a bench 40 cent­
imeters high at the rate of 22.5 steps per minute as measured 
by a metronome set at 90 beats per minute. To complete each 
full cycle of stepping up and back down required four beats 
(i.e.; two beats up, two beats down). The test was con­
ducted in a ventilated room that had a temperature ranging 
between 68 to 74 degrees Fahrenheit. Prior to the test the 
subject refrained from the consumption of food, beverages 
and the smoking of cigarettes for at least one to two hours.
The test is 5-minutes in length. Previous to the 
test, during a 5-minute rest period, a resting heart rate 
was taken in the sitting position, and then at the end of 
the test, a recovery rate was taken from 15 seconds to 30 
seconds after the exercise bout. The Astrand-Ryhming step 
test was scored by converting the post-exercise pulse rate 
into a predicted exercise pulse rate by means of a regression 
equation formula. To apply the Astrand-Ryhming technique 
in a more practical manner, the elimination of the use of 
the measured exercise heart rate is necessary. Sharkey (20)
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found that the post-exercise pulse rate taken from 15-30 
seconds after the test related favorably to the exercise 
pulse rate (N=79) with an "r" of .88. With this information 
a regression equation was devised whereby the predicted 
exercise pulse rate equals 64.83 + .662 times the post­
exercise pulse rate. The subject's weight was converted 
into kilograms. This data was used to predict maximum 
oxygen intake on a nomogram designed for this purpose by 
Astrand and Ryhming, The result was a rate of predicted 
maximum oxygen intake in liters of oxygen per minute which 
was converted to milliliters per kilograms, per minute.
The post-exercise pulse rate and the subject's weight in 
pounds were used to determine the Calculator score in milli­
liters per kilograms, per minute,
VI. STATISTICAL TREATMENT
The Pearson Product-Moment Correlation Coefficient 
(12) was computed for the two sets of data within each phase. 
The z-test was applied to the data collected from the 
seventy-seven Forest Service workers in Phase I, The t-test 
was applied to the data collected from the nineteen subjects 
in Phase I and to the nineteen subjects in Phase II, These 
two tests determine significant difference between the vari­
ables. The three treatments are discussed in Appendix I.
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CHAPTER IV
ANALYSIS AND DISCUSSION OF RESULTS
I. ANALYSIS OF PHASE I
The post-exercise pulse rate was used to predict the 
exercise heart rate by means of a regression equation devel­
oped for this purpose. The predicted exercise heart rate 
and the subject's weight in kilograms was applied to the 
Astrand-Ryhming nomogram to yield a value in ml/kg/min of 
oxygen. The same post-exercise pulse rate and the subject's 
weight in pounds was applied to the Fitness Calculator to 
yield a value in ml/lb/min of oxygen which was converted to 
ml/kg/min. The data collected from Phase I subjects can be 
found in Appendix E. The means, standard deviations, corre­
lation coefficient, and the or t score for all Phase I 
subjects are shown in Table I. The results from the seventy- 
seven Forest Service subjects is plotted in Figure I, It can 
be seen that 68^ of the cases fall within ± 3-51 ml of the 
regression line. The application of the Pearson product- 
moment correlation revealed a coefficient of .91 for the 
seventy-seven Forest Service workers. In testing the differ­
ence between the means, the z-test showed a score of 1.41, 
indicating no significant difference between the two variables, 
The results from the nineteen university subjects are 
plotted in Figure 2. Sixty-eight per cent of the cases fall


























Figure 1. Regression Line of Predicted Maximum Oxygen 
Intake Relating Calculator Scores to the 
Nomogram Scores. Age Correction Factor Applied
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within i 2.18 ml of the regression line. The Pearson's "r" 
showed a highly significant coefficient of .89. A t-test 
for significance of the means resulted in a score of 1.48 
indicating no significant difference between the means.
The statistical results of Phase I would appear to indicate 
that for this group of subjects, the Fitness Calculator 
used in conjunction with the step test, was a reliable means 
of obtaining predicted maximum oxygen intake values.
II. ANALYSIS OF PHASE II
The nineteen subjects were given the sub-maximal step 
test. The post-exercise pulse rate was taken and applied to 
the Fitness Calculator to produce a value in ml/lb/min of 
oxygen. Within a week they were tested again. The collected 
data can be found in Appendix F. The two ml/lb/min values 
of oxygen for each subject are plotted in Figure 3. This 
graph shows that 68^ of the cases fell within - 1.37 ml of 
the regression line. The means, standard deviation, Pearson's 
"r" and the t-score are shown in Table II. A correlation 
coefficient of .90 indicates a highly significant relation­
ship between test one and test two. The t-test score shows 
difference between the means beyond the .001 per cent level 
of significance. The test scores improved significantly on 
the second trial. This could indicate greater familiarity 
with the test or a decreased heart rate due to the disappear­
ance of emotional factors that were associated with the
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TABLE I
STATISTICAL ANALYSIS OP THE PHASE I DATA






















^^Significant beyond .001 level of confidence
TABLE II
STATISTICAL ANALYSIS OP THE PHASE II TE3T-RETESI' DATA











^Significant beyond .001 level of confidence
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Figure 2. Regression Line of Predicted Maximum 
Oxygen Intake Relating Calculator 
Scores to Nomogram Scores
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Ti Calculator Scores 
(ml/lb/min)
Figure 3. Regression Line of Predicted Maximum
Oxygen Intake Relating Test One Scores 
to Test Two Scores
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unfamiliarity of the first trial administration. The mean 
difference is not of great practical significance. Each of 
the seven categories on the Fitness Calculator are approxi­
mately 2,5 ml/lh/min in size. A difference of 0.5 ml/lb/min 
would not raise or lower an individual into another category.
Ill, ANALYSIS OF PHASE III
The 24 smoke jumpers were given the sub-maximal step 
test. The post-exercise pulse rate was applied to the Fit­
ness Calculator, to produce a value in ml/lb/min. This value 
was correlated with subjective ratings the smoke jumpers re­
ceived from their crew chief at the end of the fire fighting 
season. The Fitness Calculator was first related to the 
jumper’s Forest Service fire fighting rating, then to his 
Forest Service physical fitness rating. The fire fighting 
rating and the physical fitness rating were combined, and 
the Fitness Calculator scores were related to the sum of 
the two ratings. The collected data are shown in Appendix 
G. The means, standard deviations and the Pearson’s ”r” 
are shown in Table III. The data is plotted on Figures 4,
5, and 6, Correlation of the Pitness Calculator and the fire 
fighting ratings yielded a coefficient of .06. Correlation 
of the Fitness Calculator and the physical fitness ratings 
showed a low positive coefficient of .19. Correlation of the 
Fitness Calculator and the sum of the two ratings showed a
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TABLE III
STATISTICAL ANALYSIS OF THE PHASE III DATA
24 subjects Y Sx Sx r
Pitness Calculator 





































Figure 4. Relationship Between Calculator
Scores and the Sum Forest Service 
Rating
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Figure 5* Relationship Between Calculator
Scores and P.S. Physical Fitness 
Rating







Figure 6, Relationship Between Calculator 
Scores and F.S. Fire Fighting 
Rating
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low coefficient of ,08. The statistical results would in­
dicate that a poor relationship exists between the scores 
obtained on the Fitness Calculator and the ratings as admini­
stered by the Forest Service. The lack of a good relation­
ship may be explained in a number of ways:
1, The smoke jumpers might have lacked proper 
motivational incentives during periods of 
observation and rating,
2, The ratings were based on a scale of one 
through seven, with one being the lowest 
rating score. The range actually used on 
this scale may not have been large enough 
to distinguish between different levels of 
performance,
3, Ratings are subjective evaluations of the 
individuals by their crew chiefs. This 
could allow an unintentional bias to 
affect the rating score,
IV. . ANALYSIS OF PHASE IV
The 10 subjects were given the sub-maximal step test. 
The post-exercise pulse rate and the subjects’ weight were 
applied to the Fitness Calculator to obtain a score in 
ml/lb/min. These scores were related to each subjects’ time 
in a 600 yard run-walk. The data collected can be found in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
37
Appendix H. The means, standard deviations and the Pearson's 
"r" are shown in Table IV, The correlation coefficient be­
tween the two exercises tests was .49. In order for the 
relationship to be significant at the ,05 percent level of 
confidence, a coefficient of .602 was necessary. The step 
test scores and the 600 yard run-walk are plotted in Figure 
7.
TABLE IV
STATISTICAL ANALYSIS OP THE PHASE IV DATA 
10 subjects X Sx Sx r
Fitness Calculator 22.1 1.79 .566
600 yard run-walk 96.4 5.36 1.656
.49*
*not significant
The relationship between the Fitness Calculator and 
the 600 yard run-walk could be improved in several ways. 
The following suggestions should be considered:
1. A larger group should be tested.
2. The subjects should be timed in the 600 yard 
run-walk a number of days before the step 
test is administered. After the step test, 
the subjects could be placed in groups of
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Figure 7. Relationship Between Calculator Scores 
and the 600 Yard Run-Walk Times.
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three, according to the times on the pretest 
600 yard run-walk. They would then perform 
another 600 yard run-walk against time. It 
is felt that running in groups of three would 
introduce a competitive factor which would 
probably provide greater motivation.
Vo DISCUSSION
The results of the study suggest that the Fitness 
Calculator used in conjunction with the step test is a 
valid and reliable aid in the prediction of maximum oxygen 
intake. It is practical in the sense that it requires no 
expensive equipment needing numerous calibrations. The 
act of stepping up and down is familiar enough among the 
population so that no special training is necessary before 
performing the test. The step test can be administered 
by one individual, and the need for extensive calculations 
is avoided by the use of the Fitness Calculator. The test 
is sub-maximal which would allow the greater majority of 
the population to complete the 5-minute effort. Because 
of its limited demands on the cardiorespiratory system, 
the step test should be of no danger to the unfit or to 
individuals with mild cardiac conditions. The test does 
not usually lead to unpleasant feelings or exhaustion. '
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The réévaluation of the nomogram, which is the basis for 
the Pitness Calculator, involving adaptation for the less 
fit, might enhance the accuracy of the Pitness Calculator.
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
I. SUMMARY
This study was conducted to investigate the relia­
bility of the Fitness Calculator, based on the Astrand and 
Ryhming nomogram, as a predictor of maximum oxygen intake.
A sub-problem relating the Fitness Calculator to prolonged 
or selected work tasks was also analyzed.
In Phase I, this study attempted to measure the re­
lationship between values obtained from the Astrand and 
Ryhming nomogram and those obtained from the Fitness Cal­
culator. The weight and the pulse rates from ninety-six 
subjects were applied to the nomogram and to the Pitness 
Calculator. The two groups of variables were analyzed 
using the Pearson’s Product-Moment Correlation. The co­
efficient of correlation of seventy-seven of these subjects 
was a significant "r" of .91 with a z-test score of 1.41 
indicating no significant difference between the means. The 
remaining nineteen subjects had a significant coefficient of 
correlation, r = .89, with a t-test score of 1.48 indicating 
no significant difference between the means.
The results of Phase II were of considerable interest 
in this investigation. Nineteen subjects were given the 
step test. Post-exercise pulse rates and the weight of each
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subject were applied to the Pitness Calculator yielding a 
value in ml/lb/min. Within one week the subjects were re­
tested, The coefficient of correlation for test-retest 
reliability was r = .90 with a t-test score of 4.00 indica­
ting a significant difference between the means. The 
difference is of no practical importance in this study.
In Phase III, twenty-four male smoke Jumpers were 
given the step test. The post-exercise pulse rate and the 
weight were applied to the Fitness Calculator as described 
earlier. The Fitness Calculator scores were correlated with 
the subjects' Forest Service fire fighting rating, his 
Forest Service physical fitness rating, then finally to the 
sum of these two factors. The coefficients of correlations 
were r = .06, r = .19 and r = .08 respectively.
In Phase IV, 10 high school male students were given 
the step test. The post-exercise pulse rate and the weight 
of each subject were applied to the Fitness Calculator to 
yield a value in ml/lb/min. After a 10-minute rest period 
each subject performed a 600 yard run-walk by himself. The 
ml/lb/min values and the times in seconds it took to com­
plete the run-walk were correlated. The coefficient of 
correlation was r = .49.
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II. CONCLUSIONS
On the basis of the results found in this study, the 
following conclusions have been made:
1. For the subjects used in Phase I and Phase II, 
the Fitness Calculator was a reliable means of 
gathering predicted maximum oxygen intake scores 
from a step test procedure.
2. For the subjects used in Phase III, the Fitness
Calculator values did not relate to the subjective
ratings of work performance utilized by Forest 
Service personnel in evaluating the smoke jumper's 
progress.
3. For the subjects used in Phase IV, the Fitness
Calculator values did not significantly distin­
guish between the fit and the unfit as indicated
by their times on a 600 yard run-walk.
III. RECOMMENDATIONS
In view of the findings and conclusions of this study, 
the following recommendations are made:
1. Further research should be conducted to increase
the ability of the Fitness Calculator to predict
the maximum oxygen intake.
2, In future comparisons of the Fitness Calculator
with work performance capacities, a larger sample
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of varied abilities should be tested under 
typical work conditions.
3. Further research should be conducted to investi­
gate the effects of selected training programs 
on aerobic capacity as predicted by the Fitness 
Calculator,
4. More research should be conducted in relating 
the basic principles of the Fitness Calculator 
to prediction of work production in other areas 
of business and industries.
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APPENDIX A













1 36 200 31 22 145
2 45 155 32 18 145
3 38 170 33 20 160
4 38 220 34 40 140
5 38 230 35 27 150
6 37 188 36 21 200
7 51 180 37 27 160
8 43 167 38 22 178
9 40 175 39 19 160
10 44 173 40 20 185
11 52 177 41 19 153
12 29 170 42 23 170
13 35 200 43 22 155
14 30 185 44 21 170
15 35 173 45 20 196
16 30 150 46 23 168
17 27 152 47 20 160
18 44 215 48 21 185
19 36 178 49 19 172
20 43 139 50 24 175
21 47 152 51 35 170
22 46 182 52 38 193
23 28 219 53 23 192
24 46 180 54 26 175
25 39 175 55 37 190
26 26 155 56 29 155
27 27 230 57 25 165
28 31 180 58 23 160
29 44 193 59 23 160
30 46 175 60 31 175
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APPENDIX A (continued)













61 27 145 6 28 146
62 47 150 7 29 203
63 22 205 8 29 166.5
64 45 165 9 26 180
65 23 130 10 39 152.5
66 49 162 11 40 181
67 25 190 12 22 192
68 27 175 13 27 205
69 35 178 14 29 174
70 34 210 15 39 172
71 26 200 16 28 195
72 30 170 17 23 202
73 33 172 18 29 180










Means - - —  -  -  — 30.8 175.4
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APPENDIX B








JT 194.0 192.0 30
SB 165.0 164.0 29
LC 165.0 165.0 32
CB 155.0 156.0 32
LB 160.0 160.0 29
BK 188.0 189.0 36
BC 167.0 170.0 35
KS 158.0 156.0 29
KG 173.0 174.0 23
RS 196.0 197.0 25
WM 159.0 162.0 29
TW 185.0 186.0 26
DV 146.0 148.0 28
JS 203.0 199.0 29
PM 180.0 181.0 26
DW 192.0 191.5 22
DE 205.0 201.0 27
DS 172.0 170.0 39
JP 202.0 201.0 23
Means 176.6 176.6 28.9




CHARACTERISTICS OP THE PHASE III SUBJECTS
Subjects
(24)
























Means 172. 2 23.5
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APPENDIX D
PHYSICAL CHARACTERISTICS OP THE PHASE IV SUBJECTS
Subjects
(10)
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1 36 200 128 39.7 38.9
2 45 155 136 37.8 33.6
3 38 170 136 36.0 37.5
4 38 220 152 33.3 33.7
5 38 230 148 32.2 33.7
6 37 188 152 29.9 33.9
7 51 180 148 29.0 27.6
8 43 167 152 32.5 30.4
9 40 175 124 40.0 36.4
10 44 173 144 32.4 31.4
11 52 177 140 35.6 29.5
12 29 170 124 44.0 46.6
13 35 200 144 35.4 34.8
14 30 185 136 37.6 37.5
15 35 173 140 34.0 36.4
16 30 150 116 51.5 44.4
17 27 152 108 52.8 58.1
18 44 215 148 28.7 27.5
19 36 178 172 30.9 29.9
20 43 139 152 35.9 31.1
21 47 152 120 41.1 38.1
22 46 182 148 34.3 30.4
23 28 219 144 37.4 41,6
24 46 180 120 37.8 37.8
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APPENDIX E (Continued)
















31 22 145 148 37.6 39.6
32 18 145 116 44.4 51.0
33 20 160 96 49.1 61.2
34 40 140 132 35.3 35.5
35 27 150 144 36.8 40.3
36 21 200 124 48.5 46.5
37 27 160 120 52.6 48.6
38 22 178 88 64.1 64.0
39 19 160 128 46.6 45.1
40 20 185 96 53.7 60.7
41 19 153 112 51.5 53.2
42 23 170 108 54.2 58.1
43 22 155 92 52.5 64,5
44 21 170 124 46.5 46 0 6
45 20 196 132 42.2 44.9
46 23 168 140 37.6 41.8
47 20 160 112 48.8 58.1
48 21 185 112 53.5 58.1
49 19 172 152 39.0 38.9
50 24 175 116 56.8 55.2
51 35 170 108 49.5 46.1
52 38 193 152 34.2 33.9
53 23 192 156 37.6 37.8
54 26 175 116 50.6 51.0
55 37 190 152 29.6 33.9
56 29 155 144 37.1 40.3
57 25 165 108 54.0 53.0
58 23 160 144 40.7 40.3
59 23 155 144 39.0 40.3
60 31 175 128 40.6 39.1
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APPENDIX E (Continued)
















61 27 145 148 38.0 39.6
62 47 150 140 31.1 32.6
63 22 205 128 40.0 44.7
64 45 165 148 30.4 30.4
65 23 130 132 43.0 45.8
66 49 162 112 43.0 41.5
67 25 190 100 61.0 57.6
68 27 175 140 40.1 41 o 6
69 35 178 100 49.5 50.1
70 34 210 136 38.6 37.3
71 26 200 136 45.5 43.1
72 30 170 132 39.8 39.0
73 33 172 110 44.0 42.3
74 25 170 100 57.5 58.1
75 33 190 116 50.6 44.4
76 25 150 152 36.8 39.6
77 40 187 148 37.6 30.4
University Subjects
78 29 158 134 45.7 43.1
79 23 173 129 47.0 44.9
80 25 196 136 49.4 43.1
81 29 159 138 41.5 41.8
82 26 185.5 129 48.5 44.9
83 28 146 140 43.6 41.8
84 29 203 163 37.4 35.2
85 29 166.5 124 46.2 46,6
86 26 180 119 49.9 48.4
87 39 157.5 146 34.0 35.1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
58
APPENDIX E (Continued)















88 40 181 119 40.7 37.8
89 22 192 130 40.2 44.9
90 27 205 129 42.4 44.7
91 29 174 160 36.4 36.7
92 39 172 160 31.6 31.9
93 28 195 151 36.6 38.7
94 23 202 101 66 0 4 57.6
95 29 180 164 36.9 35.2
96 32 167 156 32.7 32.9
Means 30.8 175.4 134.5 41.963 41.964
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APPENDIX P
PHASE IIo STEP-TEST RESULTS
Subjects





KS 45.7 59.1 19.6 21 .2
LC 47.0 42.8 20.4 19.0
RS 49.4 45.7 19.6 19.6
WM 41.5 43.5 19.0 19.6
TW 48.5 53.6 20.4 22.0
DV 43.6 48.9 19.0 20.6
JS 37.4 42.5 16.0 17.6
FM 49.9 57.7 22.0 25.1
DW 40.2 40.3 20.4 20.4DE 42.4 41.0 20.3 18.9
DS 31.6 31.9 16.7 16.2








Means 45.3 47.9 21 .1 21.6
* Nomogram values were taken on the first 12 subj acts
only.
Values expressed in ml/lb/min and decimal fractions 
thereof.
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JO 23.0 6. 1 6.0 12.1
MH 29.3 5.0 5.1 10.1
RB 19.6 5.1 4 .6 9.7
JF 22.0 5.9 5.3 11.2
CC 24.2 5.6 5.5 11,1
MO 21.2 5.8 5.5 11.3
ML 29.1 4.5 4.5 9.0
TH 25.2 5.5 5.6 11.1
LH 24.0 6.1 6.0 12.1
KB 19.0 3.6 3.1 6.7
DP 21.1 5.9 5.3 11.2
LU 29.4 4.9 4.9 9.8
WW 23.2 5.2 5.4 10.6
LH 24.0 5.6 5.7 11,3
FK 24.1 5,8 5.5 11.3
DW 24.0 5.8 4.7 10.5
LS 24.0 5.2 5.0 10.2
ML 25.2 5.3 6 .5 12.1
SG 24.1 5.2 5.6 10.8
JK 24.0 5.4 5 0 6 11.0
ME 24.1 6.2 5.4 11.6
PB 22.2 4.5 4.7 9.2
RL 20.4 5.5 5.4 10.9
DH 24.2 4.7 5.1 9.8
Means 23.7 5.7 5.2 10.6
*Pire fighting (FF) and Physical Fitness (PP) ratings 
are made of each individual by his crew chief.
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Pormiila for Correlation of the results for each 
phase of testing;
IXIYr = tTf N
[<X̂  - (tX)^ir̂ Ŷ  - (CY)^]
N N
Where : r = coefficient of correlation cal­
culated from raw or obtained 
scores (assumed mean of sample 
equal to zero),
N = total number of subjects in 
sample population,
X; Y = raw or obtained scores on the 
tests
èXY = sum of the products of raw scores
£.X, ^ Y  = sum of the scores 
2 2^ X  , ^ Y  = sum of squared scores
2 2(£X) , (^Y) = sum of scores, squared




Formulas for testing the difference between the 
means of a population sample » 
z-Test Formula:
X - Yz =
Where :
z = test of significance of difference between the 
population means,
X, Y = the means of the two correlated groups
~ "khe standard error of the difference between 
^  means
Significance determined by means of a table of areas 
and ordinates of the normal curve in terms of x / s d .
t-Test Formula:
X, - Xp
t = — L —  
%
Where :
t = test of significance of difference between the 
population means.
X^, Xg = the means of the two correlated groups
Sy, = the standard error of the difference between 
X means
Significance determined by means of a table containig 
distribution of ^  probability.
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h1 □000>-cu> Q80 2 Î tt.Î>■O'hi>
25 25.0 22.7 20.5 IB. 2 15.9 13.6 11.4
35 28.3 25.7 23.2 20.6 18.0 15.4 12.9
45 30.5 27.7 25.0 22.2 19. 4 16.6 13.9
55 32.3 29.3 26.4 23.5 20.5 17.5 14.7
65 33.8 30.6 27.7 24.6 21.5 18.4 15.4
UNDER d e v e lo p m e n t
BY U. S. FOREST SERVICE 








D0. 130 -hiW 120 —ÜKhi 110 —
XId 100 —
h100 90 —0. —
80 —
B O D YWEIGHT
1. Find subject’s weight in window marked body weight.
2. Find post-exercise pulse rate in "post-exercise rate" 
column.
3o Opposite post-exercise pulse rate, find fitness index
in "fitness index" column.
4. In age column, find the subject’s age. Read to nearest 
year. If 20 years old, read 25, if 30 read 35.
5. Moving across proper age group, find the fitness level 
which best matches the subject’s fitness index - 
excellent, very good, etc.
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APPENDIX K
THE ASTRAND-RYHMING NOMOGRAM 
AND METHOD OF APPLICATION
Te iT W»Rfc Lo a
'•55 ‘̂ 0
puls a k 















In using the step test, predicted 
maximum oxygen can be estimated 
by reading horizontally from the 
body weight scale to the cor­
responding point on the "pulse 
rate" scale and the predicted max­
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